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/] ABSTRACT /

In the seismic evaluation of underground utility tunnels, selecting an analytical method is critical to estimating reasonable seismic
responses. In simplified pseudo-static analysis methods widely applied to typical seismic design and evaluation of underground tunnels in
practice, it is essential to check whether the methods provide valid results for cut-and-cover tunnels buried in shallow to medium depth. The
differences between the two simplified pseudo-static methods are discussed in this study, and the analysis results are compared to those
obtained from FLAC models. In addition to the analysis methods, seismic site classification, overburden soil depth, and sectional
configuration are considered variables to examine their effects on the seismic response of underground utility tunnels. Based on the analysis
results, the characteristics derived from the concepts and details of each simplified model are discussed. Also, general observations are
made for the application of simplified analysis methods.
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Fig. 1. Relationship of horizontal soil deformation and racking
deformation of a box structure: (a) Soil deformation profile
and racking deformation; (b) Simplified racking frame
analysis (modified from [6])
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Fig. 2. Application of simplified equivalent static method specified
in KISTEC[13] to the transversal seismic analysis of a
rectangular structure (modified from [9])
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Table 1. Parameters used in simplified analysis of 1-barrel and
2-barrel utility tunnels

Soil . - Depth to . Overburden
model Soil condition bedrock Soil type soil depth
Multi-layered soil
KLL23s2 (generic soil), 14 m S
Vs30 =622 m/s
Multi-layered soil _
KLL23s3 |  (generic soil), 17m Ss g"; S'g 2
Vigo =591 mis e
Multi-layered soil
KLL21s4 (generic soil), 32m M
Vs30 =493 m/s
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Fig. 3. Stair-step shear wave velocity profiles proposed for generic
soil sites in Korea. Average shear-wave velocity profile for
Western and Eastern rock sites in North America are shown
for comparison
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Fig. 4. 5%-damped response spectra of scenario earthquakes using
stochastic method. All 3 scenario earthquakes have same
maghnitude of PGA of 0.154 g
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Fig. 5. Displacement profiles of various soil models : (a) Displacements
of all soil models when subjected to a M 6.1 earthquake
simulation. (b) Variation of displacements when subjected
to 3 scenario earthquakes
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Fig. 6. Configuration of utility tunnels and SAP2000 models based on
ISO approach. For FHWA model, spring elements are
removed, and the boundary conditions at the bottom outer
corner nodes are defined as pinned supports
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Fig. 7. Contour of horizontal deformation of the FLAC model for the
1-barrel shallow depth tunnel
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Fig. 8. Racking deformation of 1- and 2-barrel utility tunnels in the
generalized S,, Sz, and Sy soil models
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Table 2. Relative transverse displacement measured at the structure subjected to various loads including the scenario earthquakes

Numb Relative transverse displacement [mm]
umber - — - —
Soil model of Shallow—buried tunnel, Bp = 2.8 m Deep—buried tunnel, B, = 9.8 m
barrels | pree—field| FHWA ISO FLAC F/T&A Free—field| FHWA ISO FLAC F/Tg\cl)A
KLL23s2 1 0715 0.901 0.792 0.611 1.137 0.046 0.089 0.065 0.047 1.366
(S2) 2 ’ 0.681 0.701 0.593 0.972 ’ 0.079 0.063 0.046 1.250
KLL23s3 1 2011 1.360 1.833 1.431 0.742 0.068 0.102 0.074 0.025 1.369
(Ss) 2 ' 0.897 1.505 1.356 0.596 ’ 0.081 0.067 0.023 1.208
1 1.351 1.148 0.717 1.177 1.122 0.889 0.578 1.262
KLL21s4 1.068 0.619
(Ss) 2 1.101 0.985 0.698 1.030 0.958 0.841 0.561 1.140
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Fig. 9. Bending moment and shear force of 1- and 2-barrel utility tunnels in the generalized S, Sz, and S, soil models
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